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Description 

APPLICATION FIELD IN INDUSTRY 

[0001 ] The present invention relates to powder con- 
taining a fat-soluble drug and having good flowability, 
and a production process thereof. 
[0002] A great number of powder containing a fat- 
soluble vitamin or production processes thereof have 
been known. For example, US. Patent No. 2,756,177 
discloses a production process of powder obtained by 
drying an emulsion containing a vitamin active sub- 
stance, water, gelatin and/or gum arabic, and a saccha- 
ride. Japanese Patent Application Laid-Open No. 
59915/1983 discloses a vitamin E-containing powder 
preparation comprising 50 to 60 wt% of vitamin E, 0.5 
to 2.0 wt.% of silicon dioxide, 1 to 25 wt.% of hydrolyzed 
gelatin and 20 to 30 wt.% of sodium casein, and Japa- 
nese Patent Application Laid-Open No. 200273/1993 
discloses a powder product obtained by dispersing a 
core substance in an aqueous solution of amylose and 
spraying the dispersion using hydrophobic silica as an 
auxiliary. Silicon dioxide and hydrophobic silica in these 
techniques are used for imparting flowability to the 
respective resulting powders. 
[0003] On the other hand, Japanese Patent Appli- 
cation Laid-Open No. 501686/1991 (through PCT route) 
discloses a process for producing free-flowing, spray- 
dried edible powder containing an edible oil by using 
hydrolyzed gelatin having a weight average molecular 
weight of about 15,000 to about 35,000 as measured by 
ge! permeation chromatography. 

PROBLEMS SOUGHT FOR SOLUTION BY THE 
INVENTION 

[0004] Such many techniques as described above 
have been known for obtaining flowable powder con- 
taining a fat-soluble drug such as vitamin E. However, 
there is a demand for development of more improved 
techniques from the viewpoints of enhancing the con- 
tent of the fat-soluble drug as high as possible and pre- 
venting the exudation of the fat-soluble drug and its 
sticking to a tableting machine. In addition, hydrolyzed 
gelatin, amylose and the like are comparatively expen- 
sive, and so improvement is required from the viewpoint 
of cost. The present inventors have carried out an 
extensive investigation with a view toward solving these 
problems. As a result, it has been found that the prob- 
lems can be solved by the following means, thus leading 
to completion of the present invention. 

MEANS FOR THE SOLUTION OF THE PROBLEMS 

[0005] The present invention relates to flowable 
powder comprising (A) a fat-soluble drug, (B) at least 
one selected from the group consisting of gelatin and 
casein, and (C) an adsorbent The present invention 
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also relates to flowable powder comprising (A) a fat-sol- 
uble drug, (B) at least on selected fr m th group con- 
sisting of gelatin and casein, (D) a water-soluble 
polymer, and (C) an adsorbent. The present invention 
s further r lates to a process for producing flowable pow- 
der, which comprises emulsifying and dispersing (A) a 
fat-soluble drug, (B) at least one selected from the 
group consisting of gelatin and casein, and (C) an 
adsorbent, and optionally (D) a water-soluble polymer in 
10 water and spray-drying the resultant dispersion. 

[0006] The term "fat-soluble drug' 1 as used in the 
present invention means a physiologically active sub- 
stance insoluble or hardly soluble in water and relatively 
easy to dissolve in alcohols such as octanol, oils and 
is fats, and the like. The melting point of the fat-soluble 
drug is desirably about 80°C or lower. As examples of 
the fat-soluble drug, may be mentioned vitamin E family 
and the like. More specifically, there may be mentioned 
dl-a-tocopherol, d-a-tocopherol, dl-a-tocopherol ace- 
20 tate, d-a-tocopherol acetate, and besides p, y and 5 
homdogues thereof, dl-a-tocopherol succinate, d-a- 
tocopherol succinate, vitamin A oil, tocotrienol, etc. 
Besides the above, drugs such as teprenone, indometh- 
acin farnesl, tocopherol nicotinate, ubidecarenone, 
25 menatetrenone and phytonadione may also be used. 
[0007] In the present invention, no particular limita- 
tion is imposed on gelatin. However, it generally means 
that produced by treating bone, skin, ligamentum, ten- 
don or the like of an animal with an acid or alkali and 
30 extracting the thus-obtained collagen with water under 
heating. No particular limitation is imposed on the isot- 
onic point, molecular weight, viscosity and the like of 
gelatin used in the present invention. With respect to 
gelatin wherein the molecular weight thereof has been 
35 controlled to thousands to tens of thousands by hydrol- 
ysis, for example, such a gelatin is comparatively expen- 
sive, and hence, it has a great effect from an 
economical point of view to use gelatin which is not sub- 
jected to such a treatment. 
40 [0008] In the present invention, no particular limita- 
tion is imposed on casein. Casein is a phosphoprotein 
which is a main component of milk, and is not a single 
substance, but a mixture of similar proteins. It consists 
of at least three components (a, p and y), and its molec- 
45 ular weight is about 75,000 to 375,000. In the present 
invention, the use of sodium casein having good solubil- 
ity is preferred because of its good handling property. 
[0009] In the present invention, the adsorbent 
means powder of a porous inorganic substance. As 
so examples thereof, may be mentioned silicon oxide, cal- 
cium silicate, magnesium alumino silicate [Neusilin 
(trademark) A, product of Fuji Chemical Industry Co., 
Ltd.], magnesium alumino metasilicate [Neusilin (trade- 
mark), product of Fuji Chemical Industry Co., Ltd.], etc. 
55 Silicon dioxide, calcium silicate and magnesium alu- 
mino metasilicate are preferred. In the present inven- 
tion, a component having good oil-absorbing ability, 
such as dextrin or calcium hydrogenphosphate, may be 



2 

06/11/2003, EAST Version: 1,03.0002 



3 EP 1 004 

used in combination with the adsorbent if desired. 
[0010] In the present invention, the water-soluble 
polym r is generally a cellulose derivative or polyvinyl 
alcohol. As examples of the cellulose derivative, may be 
mentioned hydroxypropyl cellulose, hydroxypropyl s 
methylcellulose and sodium carboxymethylcellulose, 
and the like. With respect to these cellulose derivatives, 
some kinds of derivatives have been known according 
to properties such as viscosity. However, no particular 
limitation is imposed thereon in the present invention. 10 
When the water-soluble polymer is used in the present 
invention, the emulsion stability of the fat-soluble drug, 
gelatin, casein and adsorbent in water is improved, so 
thai the quality of the resulting flowable powder is 
enhanced. is 
[001 1 ] Examples of cellulose and/or cellulose deriv- 
atives include those that are soluble in water or dissolve 
in water to become viscous liquids. Examples thereof 
include methylcellulose, hydroxypropyl cellulose [for 
example, Nisso HPC, trade name: product of Nippon 20 
Soda Co., Ltd.; and Shinetsu HPC, trade name; product 
of Shi-Etsu Chemical Co., Ltd.], hydroxypropyl methyl- 
cell ulose-2208, -2906 and -2910 [for example, Metho- 
lose 90SH, 65SH and 60SH, trade names: products of 
Shi-Etsu Chemical Co., Ltd.; and Methocel K, F and E, 2s 
trade names, and Marbolose, trade name TC-51 : prod- 
ucts of Dow Chemical Co., Ltd.], and hydroxyethyl cellu- 
lose, and the like. 

[001 2] As cellulose and/or cellulose derivatives that 
are insoluble in water or partially dissolve in or swell with 30 
water, there may also be used, for example, crystalline 
cellulose, sodium crystalline cellulose • carmelose, 
ethyl cellulose, hydroxypropyl cellulose having a low 
degree of substitution, hydroxypropyl methylcellulose 
phthalate, hydroxypropyl methylcellulose acetate succi- 35 
nate, carmelose, calcium carmellose, sodium carmel- 
lose, sodium crosscarmellose, carboxymethyl ethyl 
cellulose and cellulose acetate phthalate, and the like. 
[001 3] The proportions of the fat-soluble drug, gela- 
tin and/or casein, and adsorbent in the present inven- 40 
tion are generally 0.05 to 0.5 parts by weight for gelatin 
and/or casein, and 0.1 to 0.8 parts by weight for the 
adsorbent, per part by weight of the fat-soluble drug, 
and preferably 0.05 to 0.25 parts by weight for gelatin 
and/or casein, and 0.2 to 0.7 parts by weight for the 45 
adsorbent, per part by weight of the fat-soluble drug. 
When the water-soluble polymer is further used in the 
present invention, the proportions of these components 
are generally 0.05 to 0.5 parts by weight for gelatin 
and/or casein, 0. 1 to 0.8 parts by weight for the adsorb- so 
ent, and 0.01 to 0.1 parts by weight for the water-soluble 
polymer, per part by weight of the fat-soluble drug, and 
preferably 0.05 to 0.25 parts by weight for gelatin and/or 
casein, 0.2 to 0.7 parts by weight for the adsorbent and 
0.005 to 0.1 parts by weight, more preferably 0.015 to ss 
0.1 parts by weight for the water-soluble polymer, per 
part by weight of the fat-soluble drug. 
[0014] No particular limitation is imposed on the 
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production process of the flowable powder in the 
present invention. The flowabl powder can be pro- 
duced, for example, in accordance with the following 
process. However, for convenience' sake, description 
will be given as to a case where gelatin is used. 
[0015] Gelatin is dissolved in purified water heated 
to about 50 to 60°C, and a water-soluble polymer such 
as hydroxypropyl methylcellulose is further added and 
dissolved if circumstances require. Vitamin E (dl-a-toco.- 
pherol acetate) is then added to the solution, and the 
resultant mixture is stirred and emulsified for about 15 
minutes by means of a high-speed stirring machine, for 
example, a Homomixer (trade name) or the like. Addi- 
tional water heated to about 50 to about 60°C is added 
as needed, and an adsorbent such as calcium silicate is 
added to the solution to stir the resultant mixture for 
about 15 minutes, thereby obtaining a homogeneous 
suspension. The viscosity of the thus-obtained suspen- 
sion is generally 20 to 1 ,000 CP, preferably 30 to 1 ,000 
CP. The suspension is spray-dried by a spray dryer, 
whereby flowable powder containing vitamin E can be 
obtained. As the spray dryer, may be used any machine 
of the disk type and the nozzle type. Conditions of the 
spray drying are those generally used. For example, the 
inlet temperature is 210°C, and the outlet temperature is 
130°C. 

[001 6] The particle diameter of the flowable powder 
obtained by the present invention is generally 0.05 to 
0.5 mm, and the angle of repose thereof is generally 30 
to 40°, so that the powder has good flowability. 
[0017] When the melting point of the fat-soluble 
drug used is high, for example, d-a-tocopherol succi- 
nate having a melting point of about 75°C is used, a 
homogeneous suspension can be obtained by raising 
the temperature at the time the solution is prepared to 
about 80° C to conduct stirring. In this case, the suspen- 
sion must not be always heated upon spraying once the 
homogeneous suspension is prepared. 

EFFECTS OF THE INVENTION 

[001 8] According to the present invention, there can 
be produced flowable powder containing a fat-soluble 
drug at a high content of 50% or higher. The flowable 
powder according to the present invention can be pre- 
pared by a direct tableting process into tablets without 
causing the exudation of the fat-soluble drug and its 
sticking to a tableting machine by mixing it with an 
excipient such as a saccharide, or cellulose or a deriva- 
tive thereof. A marked effect of the present invention is 
that stain or smear on a spray dryer is extremely slight. 
When powder containing a fat-soluble drug has hereto- 
fore been produced, cleaning has been extremely trou- 
blesome because the drug and the like have stuck to the 
spray dryer. However, cleaning and the like are 
extremely easy because the drug and the like scarcely 
stick after the powder according to the present invention 
is produced. 
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[0019] According to the present invention, there 
could be provided vitamin E-containing powder which 
scarcely undergoes the exudation and decomposition of 
the vitamin E even when the powder is stored for a long 
period of time, and hence has high shelf stability; the 
vitamin E is not degraded upon the production thereof 
[0020] The vitamin E-containing powder according 
to the present invention has been powder which is free 
from the exudation of a vitamin E component out of the 
surface of the powder, is dry, undergoes no aggregation 
among particles and is easy to store, quantify and trans- 
port According to the present invention, a recovery rate 
is markedly improved because the powder does not 
stick to the inner wall of a spry dryer upon the produc- 
tion thereof. In addition, since the spray drying treat- 
ment can be conducted in a temperature range 
comparatively higher than that in the conventional proc- 
esses, the time required for the drying treatment is 
shortened, and moreover the time during which the 
powder is exposed to heat is shortened. Therefore, the 
production process of the present invention is extremely 
efficient. 

[0021] The vitamin E-containing powder according 
to the present invention is useful as an antioxidant and 
stabilizer for food, and a medicament. 

EXAMPLES 

[0022] The present invention will hereinafter be 
described in more detail by the following Examples. 
However, the present invention is not limited to these 
examples. 

Example 1 : 

[0023] Dissolved in 200 g of purified water heated 
to 50 °C were 1 0 g of gelatin, and 1 20 g of dl-a-tocophe* 
rol acetate were added to the solution. The resultant 
mixture was stirred for 10 minutes by a Homomixer 
(trade name). Further, 200 g of purified water heated to 
about 50°C were added to the mixture, followed by stir- 
ring for 10 minutes by the Homomixer. To the resultant 
mixture were added 70 g of calcium silicate (product of 
Tokuyama Soda Co., Ltd., trade name: Florite RE), and 
the resultant mixture was stirred for 15 minutes by the 
Homomixer to obtain a homogeneous suspension. The 
viscosity of the suspension was 1 50 cp. The suspension 
was spray-dried under the following conditions to obtain 
70 g of llowable powder. The resultant powder had good 
flowability, a particle diameter of 0.07 mm and a dl-ct- 
tocopherol acetate content of 590 mg per gram of the 
powder. r 

Spray drying conditions: inlet temperature 200°C , 
outlet temperature 100°C , disk revolution speed 
30,000 rpm, and spray speed 1 .3 LVhr. 



Example 2: 

[0024] Dissolved in 200 g of purified water heated 
to 50 C C were 20 g of gelatin, and 120 g of dl-a-tocophe- 

5 r I acetate were added to the solution. The resultant 
mixture was stirred for 10 minutes by a Homomixer 
(trade name). Further, 200 g of purified water heated to 
about 50°C were added to the mixture, followed by stir- 
ring for 10 minutes by the Homomixer. To the resultant 

10 mixture were added 30 g of calcium silicate (product of 
Tokuyama Soda Co., Ltd., trade name: Florite RE), and 
the resultant mixture was stirred for 15 minutes by the 
Homomixer to obtain a homogeneous suspension. The 
viscosity of the suspension was 300 cp. The suspension 

is was spray-dried under the following conditions to obtain 
60 g of f lowable powder. The resultant powder had good 
flowability, a particle diameter of 0.07 mm and a dl-a- 
tocopherol acetate content of 700 mg per gram of the 
powder. 

20 

Spray drying conditions: inlet temperature 200 °C, 
outlet temperature 100 °C, disk revolution speed 
30,000 rpm, and spray speed 1 .5 LVhr. 

25 Example 3: 

[0025] Dissolved in 260 g of purified water heated 
to 50°C were 20 g of gelatin and 10 g of hydroxypropyl 
methylcellulose (product of Shin-Etsu Chemical Co., 

30 Ltd., trade name: TC-5E), and 120 g of dl-a-tocopherol 
acetate were added to the solution. The resultant mix- 
ture was stirred for 10 minutes by a Homomixer (trade 
name). Further, 200 g of purified water heated to about 
50°C were added to the mixture, followed by stirring for 

35 1 0 minutes by the Homomixer. To the resultant mixture 
were added 30 g of calcium silicate (product of 
Tokuyama Soda Co., Ltd., trade name: Florite RE), and 
the resultant mixture was stirred for 15 minutes by the 
Homomixer to obtain a homogeneous suspension. The 

40 viscosity of the suspension was 300 cp. The suspension 
was spray-dried under the following conditions to obtain 
120 g of f lowable powder. The resultant powder had 
good flowability, a particle diameter of 0.07 mm and a 
dl-a-tocopherol acetate content of 660 mg per gram of 

45 the powder. 

Spray drying conditions: inlet temperature 200°C, 
outlet temperature 100°C, disk revolution speed 
30,000 rpm, and spray speed 1 .5 LVhr. 

50 

Example 4: 

[0026] Flowable powder was obtained in the same 
manner as in Example 3 except that 120 g of dl-a-toco- 
55 pherol acetate were changed to 1 20 g of d-a-tocopherol 
acetate. The viscosity of the suspension was 350 cp. 
The suspension was spray-dried under the following 
conditions to obtain 110 g of flowable powder. The 
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resultant powder had good flowability, a particle diame- 
ter of 0.07 mm and a dl-a-tocopherol acetat content of 
658 mg per gram of the powder. 

Spray drying conditions: inlet temperature 200°C, 
outlet temperature 100°C, disk revolution speed 
30,000 rpm. and spray speed 1 .5 L/hr. 

Example 5: 

[0027] Dissolved in 260 g of purified water heated 
to 50°C were 30 g of gelatin and 10 g of hydroxypropyl 
methylcellulose (product of Shin-Etsu Chemical Co., 
Ltd., trade name: TC-5E), and 120 g of d-a-tocopherol 
acetate were added to the solution. The resultant mix- 
ture was stirred for 10 minutes by a Homomixer (trade 
name). Further, 300 g of purified water heated to about 
50°C were added to the mixture, followed by stirring for 
10 minutes by the Homomixer. To the resultant mixture 
were added 35 g of calcium silicate (product of 
Tokuyama Soda Co., Ltd., trade name: Florite RE), and 
the resultant mixture was stirred for 15 minutes by the 
Homomixer to obtain a homogeneous suspension. The 
viscosity of the suspension was 400 cp. The suspension 
was spray-dried under the following conditions to obtain 
120 g of flowable powder. The resultant powder had 
good flowability, a particle diameter of 0.07 mm and a d- 
a-tocopherol acetate content of 610 mg per gram of the 
powder. 

Spray drying conditions: inlet temperature 200° C, 
outlet temperature 100°C, disk revolution speed 
30,000 rpm, and spray speed 1 .5 L/hr. 

Example 6: 

[0028] Flowable powder was obtained in the same 
manner as in Example 1 except that calcium silicate 
was changed to anhydrous silicic acid (trade name: 
Sylysia). The viscosity of the suspension was 130 cp. 
The suspension was spray-dried under the following 
conditions to obtain 50 g of flowable powder. The result- 
ant powder had good flowability, a particle diameter of 
0.06 mm and a dl-a-tocopherol acetate content of 590 
mg per gram of the powder. 

Spray drying conditions: inlet temperature 200°C, 
outlet temperature 100°C, disk revolution speed 
30,000 rpm, and spray speed 1 .3 L/hr. 

Example 7: 

[0029] Flowable powder was obtained in the same 
manner as in Example 3 except that 10 g of hydroxypro- 
pylmethyl cellulose (trade name: TC-5E) were changed 
to 2 g of hydroxypropylmethyl cellulose (trade name: 
TC-5R). The viscosity of the suspension was 200 cp. 
The suspension was spray-dried under the following 



conditions to obtain 115 g of flowable powder. The 
resultant powder had good flowability, a particle diame- 
ter of 0.07 mm and a dl-a-tocopherol acetate content of 
698 mg per gram of the powder. 

s 

Spray drying conditions: inlet temperature 200°C, 
outlet temperature 100°C, disk revolution speed 
30,000 rpm, and spray speed 1 .5 L/hr. 

10 Example 8: 

[0030] Flowable powder was obtained in the same 
manner as in Example 3 except that 1 0 g of hydroxypro- 
pylmethyl cellulose (trade name: TC-5E) were changed 

15 to 1 g of polyvinyl alcohol. The viscosity of the suspen- 
sion was 200 cp. The suspension was spray-dried 
under the following conditions to obtain 85 g of flowable 
powder. The resultant powder had good flowability, a 
particle diameter of 0.06 mm and a dl-a-tocopherol ace- 

20 tate content of 690 mg per gram of the powder. 

Spray drying conditions: inlet temperature 200°C, 
outlet temperature 100°C, disk revolution speed 
30,000 rpm, and spray speed 1 .5 L/hr. 

25 

Example 9: 

[0031 ] Dissolved in 62 kg g of purified water heated 
to 50°C were 5:0 kg of gelatin and 2.5 kg of hydroxypro- 

30 pyl methylcellulose (product of Shin-Etsu Chemical Co., 
Ltd., trade name: TC-5R), and 30.0 kg of dl-a-tocophe- 
rol acetate were added to the solution. The resultant 
mixture was stirred for 10 minutes by a Homomixer 
(trade name). Further, 55 kg of purified water heated to 

35 about 50°C were added to the mixture, followed by stir- 
ring for 15 minutes by the Homomixer. To the resultant 
mixture were added 7.5 kg of calcium silicate (product 
of Tokuyama Soda Co., Ltd., trade name: Florite RE), 
and the resultant mixture was stirred for 15 minutes by 

40 the Homomixer to obtain a homogeneous suspension. 
The viscosity of the suspension was 150 cp. The sus- 
pension was spray-dried by a spray dryer of the nozzle 
type having a water-evaporating capability of 250 kg/hr 
under the following conditions to obtain 40 kg of flowa- 

45 ble powder. No spray trouble occurred during the oper- 
ation, and the inner wall of the spray dryer after the 
spray drying was neither stuck nor stained with the 
sprayed solution, powder and the like, and can be easily 
cleaned with water, and so operability was extremely 

so excellent. The resultant powder had good flowability, an 
angle of repose of 35°, a particle diameter of 0.19 mm 
and a dl-a-tocopherol acetate content of 661 mg per 
gram of the powder. 

55 Spray drying conditions: inlet temperature 210°C, 
outlet temperature 130°C, nozzle bore 1.0 mm, and 
spray speed 100 kg/hr. 
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Example 10: 

[0032] A process was carried out in the same man- 
ner as in Example 9 except that 2.5 kg of hydroxypropyl 
methylcellulose (trade name: TC-5E) were used in 
place of 2.5 kg of hydroxypropyl methylcellulose (trade 
name: TC-5R), and 30.0 kg of d-ot-tocopherol acetate 
were used in place of 30.0 kg of dl-a-tocopherol ace- 
tate. The viscosity of the suspension was 90 cp. The 
suspension was spray-dried by a spray dryer of the noz- 
zle type having a water-evaporating capability of 250 
kg/hr under the following conditions to obtain 42 kg of 
flowable powder. No spray trouble occurred during the 
operation, and the inner wall of the spray dryer after the 
spray drying was neither stuck nor stained with the 
sprayed solution, powder and the like, and can be easily 
cleaned with water, and so operability was extremely 
excellent The resultant powder had good f lowability, an 
angle of repose of 34°, a particle diameter of 0.17 mm 
and a d-a-tocopherol acetate content of 659 mg per 
gram of the powder. 

Spray drying conditions: inlet temperature 210°C, 
outlet temperature 130°C, nozzle bore 1.0 mm, and 
spray speed 1 00 kg/hr. 

Example 1 1 : 

[0033] Dissolved in 200 g of purified water heated 
to 50°C were 24 g of gelatin and 1.2 g of sodium car- 
boxymethyl cellulose (the name of a maker: Shin-Etsu 
Chemical Co., Ltd.), and 120 g of dl-a-tocopherol ace- 
tate (vitamin E) were added to the solution. The result- 
ant mixture was stirred for 10 minutes by a homomixer 
(manufactured by Tokushu Kika Kogyo Co., Ltd., trade 
name: T.K Homomixer). Further, 250 g of purified water 
heated to about 50°C were added to the mixture, fol- 
lowed by stirring for 10 minutes by the homomixer. To 
the resultant mixture were added 34.8 g of calcium sili- 
cate, and the resultant mixture was stirred for 15 min- 
utes by the homomixer to obtain a homogeneous 
suspension. The viscosity of the suspension was 108 
cp. The suspension was spray-dried under the following 
conditions to obtain 1 1 6 g of flowable powder having a 
vitamin E content of 66.7%. The resultant powder had 
good f lowability. 

Spray drying conditions: inlet temperature 210°C, 
outlet temperature 105°C, disk revolution speed 
30,000 rpm, and spray speed 2.0 L/hr. 

Example 12: 

[0034] Dissolved in 200 g of purified water heated 
to 50°C were 24 g of gelatin and 1.2 g of sodium car- 
boxymethyi cellulose (the name f a maker: Daicel 
Chemical Industries, Ltd.), and 120 g of dl-a-tocopherol 
acetate (vitamin E) wer added to the solution. The 



resultant mixture was stirred for 10 minutes by a Homo- 
mixer (trade name). Further, 250 g of purified water 
heated to about 50°C were added to the mixture, fol- 
lowed by stirring for 10 minutes by the Homomixer. To 

5 th resultant mixture wer added 30 g of calcium silicate 
and 4.8 g of dextrin, and the resultant mixture was 
stirred for 15 minutes by the homomixer to obtain a 
homogeneous suspension. The viscosity of the suspen- 
sion was 100 cp. The suspension was spray-dried 

10 under the following conditions to obtain 1 28 g of flowa- 
ble powder having a vitamin E content of 66.7%. The 
resultant powder had good f lowability. The bulk density 
of the powder was 3.24 ml/g. 

15 Spray drying conditions: inlet temperature 220°C, 
outlet temperature 105°C, disk revolution speed 
30,000 rpm, and spray speed 2.0 LVhr. 

Example 13: 

20 

[0035] Dissolved in 180 g of purified water heated 
to 50°C were 21 g of gelatin and 3.0 g of sodium car- 
boxymethyl cellulose (the name of a maker: Daicel 
Chemical Industries, Ltd.), and 126 g of dl-a-tocopherol 

25 acetate (vitamin E) were added to the solution. The 
resultant mixture was stirred for 10 minutes by a Homo- 
mixer (trade name). Further, 250 g of purified water 
heated to about 50°C were added to the mixture, fol- 
lowed by stirring for 10 minutes by the Homomixer. To 

30 the resultant mixture were added 30 g of calcium sili- 
cate, and the resultant mixture was stirred for 15 min- 
utes by the homomixer to obtain a homogeneous 
suspension. The viscosity of the suspension was 129 
cp. The suspension was spray-dried under the following 

35 conditions to obtain 120 g of flowable powder having a 
vitamin E content of 70%. The resultant powder had 
good flowability. The bulk density of the powder was 3.5 
ml/g. 

40 Spray drying conditions: inlet temperature 220°C. 
outlet temperature 105°C, disk revolution speed 
30,000 rpm, and spray speed 2.0 L/hr. 

Example 14: 

45 

[0036] Dissolved in 180 g of purified water heated 
to 50°C were 21 g of gelatin and 3.0 g of sodium car- 
boxymethyl cellulose (the name of a maker: Daicel 
Chemical Industries, Ltd.), and 126 g of dl-a-tocopherol 

so acetate (vitamin E) were added to the solution. The 
resultant mixture was stirred for 10 minutes by a Homo- 
mixer (trade name). Further, 250 g of purified water 
heated to about 50°C were added to the mixture, fol- 
lowed by stirring for 1 0 minutes by the Homomixer. To 

ss the resultant mixture were added 30 g of calcium sili- 
cate, and the resultant mixture was stirred for 15 min- 
utes by the homomixer to obtain a homogeneous 
suspension. The viscosity of th suspension was 129 
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cp. The suspension was spray-dried under the following 
conditions to obtain 143 g (yield: 79.5%) of if lowabl 
powder having a vitamin E content of 72.5%. The result- 
ant powder had good if lowability. The bulk density of the 
powder was 3.27 ml/g. 

Spray drying conditions: inlet temperature 220°C, 
outlet temperature 105°C, disk revolution speed 
30,000 rpm, and spray speed 2.0 L/hr. 

Example 15: 

[0037] Dissolved in 150 g of purified water heated 
to 50°C were 20 g of gelatin and 2.0 g of sodium car- 
boxymethyl cellulose (the name of a maker: Daicel 
Chemical Industries, Ltd.), and 100 g of dl-a-tocopherol 
acetate (vitamin E) were added to the solution. The 
resultant mixture was stirred for 10 minutes by a Homo- 
mixer (trade name). Further, 1.650 g of purified water 
heated to about 50 °C were added to the mixture, fol- 
lowed by stirring for 10 minutes by the Homomixer. To 
the resultant mixture were added 80 g of anhydrous sil- 
icic acid (Aerosil 389), and the resultant mixture was 
stirred for 15 minutes by the homomixer to obtain a 
homogeneous suspension. The viscosity of the suspen- 
sion was 40 cp. The suspension was spray-dried under 
the following conditions to obtain 1 1 8 g of f lowable pow- 
der having a vitamin E content of 50%. The resultant 
powder had good f lowability. The bulk density of the 
powder was 2.70 ml/g. 

Spray drying conditions: inlet temperature 220°C, 
outlet temperature 105°C, disk revolution speed 
30,000 rpm, and spray speed 2.0 L/hr. 

Example 16: 

[0038] Dissolved in 160 g of purified water heated 
to 50°C were 20 g of casein and 2.0 g of sodium car- 
boxymethyl cellulose (the name of a maker: Daicel 
Chemical Industries, Ltd.), and 80 g of dl-a-tocopherol 
acetate (vitamin E) were added to the solution. The 
resultant mixture was stirred for 10 minutes by a Homo- 
mixer (trade name). Further, 300 g of purified water 
heated to about 50°C were added to the mixture, fol- 
lowed by stirring for 10 minutes by the Homomixer. To 
the resultant mixture were added 58 g of anhydrous sil- 
icic acid (Aerosil 380, trade name), and the resultant 
mixture was stirred for 15 minutes by the homomixer to 
obtain a homogeneous suspension. The viscosity of the 
suspension was 128 cp. The suspension was spray- 
dried under the following conditions to obtain 116.6 g 
(yield: 72.9%) of f lowable powder having a vitamin E 
content of 50%. The resultant powder had good f lowa- 
bility. The bulk density of the powder was 2.48 ml/g. 

Spray drying conditions: inlet temperature 220°C, 
outlet temperatur 105°C, disk revolution speed 



30,000 rpm, and spray speed 1.5 L/hr. 
Exampl 17: 

5 [0039] Dissolved in 60 L of water were 2.5 kg of 
hydroxypropyl methylcellulose and 5.0 kg of gelatin at 
about 50°C. To this solution were added 30 kg of dl-a- 
tocopherol acetate (vitamin E) under stirring, and the 
resultant mixture was subjected to an emulsifying treat- 

10 ment by a Homomixer (trade name). Then, 45 L of water 
were added to the resultant emulsion, and the resultant 
mixture was subjected again to the emulsifying treat- 
ment To the resultant suspension were added 7.5 kg of 
porous powder of calcium silicate (product of Tokuyama 

is Soda Co., Ltd., trade name: Florite RE) with stirring. 
The resultant suspension was spray-dried under condi- 
tions of an inlet temperature of 230°C, an outlet temper- 
ature of 135°C to 140°C and a feed flow rate of 105 
kg/hr to obtain 37.2 kg (yield: 82.6%) of white flowable 

20 powder having a vitamin E content of 67%. 

[0040] The particle diameter distribution of the 
resultant powder was as follows: 60 mesh (hereinafter 
referred to as M) (15.2%), 100 M (64.1%) and 200 M 
(18.1%), and no aggregation among powder particles 

25 was observed. 

Example 18: 

[0041] Dissolved in 60 L of water were 2.5 kg of 
30 hydroxypropyl methylcellulose and 5.0 kg of gelatin at 
about 50°C. To this solution were added 30 kg of dl-a- 
tocopherol acetate (vitamin E) under stirring, and the 
resultant mixture was subjected to an emulsifying treat- 
ment by a Homomixer (trade name). Then, 50 L of water 
35 were added to the resultant emulsion, and the resultant 
mixture was subjected again to the emulsifying treat- 
ment To the resultant suspension were added 7.5 kg of 
Florite RE with stirring. The resultant suspension was 
spray-dried under conditions of an inlet temperature of 
40 211°C to 219°C, an outlet temperature of 132*C to 
134°C and a feed flow rate of 95 to 105 kg/hr to obtain 
36.4 kg (yield: 80.9%) of white flowable powder having 
a vitamin E content of 67%. 

[0042] The particle diameter distribution of the 
45 resultant powder was as follows: 60 M (24.5%), 100 M 
(56.3%) and 200 M (16.3%), and no aggregation among 
powder particles was observed. 

Example 19: 

50 

[0043] A process was carried out in the same man- 
ner as in Example 16 except that 10 g of casein and 10 
g of gelatin were used in place of 20 g of casein. The 
results thereof were as follows: 
55 [0044] 1 53 g (yield: 76.5%) ol flowable powder hav- 
ing a vitamin E content of 50%; bulk density f the pow- 
der: 2.35 ml/g. 
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Example 20: 

[0045] A process was carried out in the same man- 
ner as in Example 1 except that 120 g of teprenone 
w re used in place of 120 g of dl-a-tocopherol acetate. 
The results thereof were as follows: 
[0046] 136 g (yield: 68%) of flowable powder having 
a teprenone content of 60%; bulk density of the powder: 
4.2 ml/g. 

Claims 

1 . Flowable powder comprising (A) a fat-soluble drug, 
(B) at least one selected from the group consisting 
of gelatin and casein, and (C) an adsorbent 

2. Flowable powder comprising (A) a fat-soluble drug, 
(B) at least one selected from the group consisting 
of gelatin and casein, (D) a water-soluble polymer, 
and (C) an adsorbent. 

3. The flowable powder according to Claim 1 or 2, 
wherein the fat-soluble drug is a fat-soluble drug 
having a melting point of 80°C or lower. 

4. The flowable powder according to any one of 
Claims 1 to 3, wherein the fat-soluble drug is one of 
vitamin E family. 

5. The fbwable powder according to Claim 1, which 
comprises the fat-soluble drug, gelatin and the 
adsorbent. 

6. The flowable powder according to Claim 1 , which 
comprises the fat-soluble drug, casein and the 
adsorbent. 

7. The flowable powder according to Claim 1 , which 
comprises the fat-soluble drug, gelatin, casein and 
the adsorbent 

8. The flowable powder according to any one of 
Claims 1 , 2 and 5 to 7, wherein the adsorbent is a 
silicate. 

9. The flowable powder according to Claim 8, wherein 
the silicate is one or more selected from the group 
consisting of silicon dioxide, calcium silicate, mag- 
nesium alumino silicate and magnesium alumino 
metasilicate. 

10. The fbwable powder according to any one of 
Claims 1 , 2, 8 and 9, wherein the adsorbent is a 
porous inorganic substance. 

11. The flowable powder according to Claim 2, wherein 
the water-soluble polymer is one or more selected 
from among cellulose derivatives and polyvinyl 



alcohol. 

12. The flowable powder according to Claim 1, which 
comprises, per part by weight of the fat-soluble 

5 drug, 0.05 to 0.5 parts by weight of gelatin and/or 
casein, and 0.1 to 0.8 part by weight of the adsorb- 
ent. 

13. The flowable powder according to Claim 2, which 
w comprises, per part by weight of the fat-soluble 

drug, 0.05 to 0.5 parts by weight of gelatin and/or 
casein, 0.1 to 0.7 part by weight of the adsorbent, 
and 0.01 to 0.1 parts by weight of the water-soluble 
polymer. 

15 

14. A process for producing flowable powder, which 
comprises emulsifying and dispersing (A) a fat-sol- 
uble drug, (B) gelatin and/or casein, and (C) an 
adsorbent, and optionally (D) a water-soluble poly* 

20 mer in water and spray-drying the resultant disper- 
sion. 
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